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SCAVENGER FOR REDUCING IMPURITIES IN A GAS AND METHODS AND 
APPARATUSES FOR MAKING AND USING SAME 



5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates generally to the removal of impurities contained in gas 
10 streams. More specifically, the invention relates to the removal of oxidants and Lewis acids 
from inert and hydride gases typically used in semiconductor processing. 

Description of Related Art 

15 The provision of high purity gas is important in the semiconductor industry. The 

growth of high quality semiconductor materials by chemical vapor deposition or other 
vapor-based technology depends upon the use of high purity inert and hydride gases. 
Impurities in these gases, such as water, oxygen, carbon dioxide, carbon monoxide and 
other oxidants, and Lewis acids such as aluminum, boron and zinc-related species, can 

20 result in reduced yields of such materials, due to defects in crystalline structure and epitaxy, 
and reduced electrical properties and performance. Tolerable impurity levels are currently 
on the order of lppm for hydride gases and as low as a few ppb for inert gases. 

Several technologies have been proposed to reduce these impurities to acceptable 
concentration levels including physical and chemical adsorption. Physical adsorption 

25 methods include the use of zeolites, alumina, silica, activated carbon and similar performing 
compounds that physically adsorb the impurity. Generally, however, these processes do not 
provide sufficient removal efficiencies. Chemical adsorption methods include, for example, 
the use of getter compounds, nickel, titanium and copper which adsorb and chemically react 
with the impurity. These methods are capable of providing sufficient removal efficiencies, 

30 but they are complex and relatively expensive due to the heat required to activate the 
reactant. Other chemical adsorption methods use alkaline and alkaline earth metals, and 
their respective alkyl compounds, on high surface area supports. However, these processes 
may release hydrocarbons or metals into the gas stream, thereby causing further 
contamination of the gas. Even very low amounts of hydrocarbon contamination may result 

35 
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in the incorporation of carbon in a growing film due to decomposition of the hydrocarbon 
during the chemical vapor deposition process. 

Some of the different types of compounds that are used to chemically adsorb certain 
impurities from inert gases are specifically describes in several United States Patents. Tom 

5 (United States Patent No. 4,7 1 6, 1 8 1 ) describes a polymer scavenger comprising a 
metallated macroreticulate polymer functionalized by arsine or phosphine and used to 
remove impurities that can be metallated, such as water, oxygen and carbon dioxide from 
gases such as arsine and phosphine. It is noted that this scavenger is hydrocarbon and metal 
based and, therefore, may further contaminant the gas stream. In addition, the generation of 

1 0 this scavenger requires at least two reaction steps. Tom (United States Patent No. 
4,781,900) describes a scavenger comprising a carbanion, preferably an organometallic 
compound, or a carbanion that has been reacted with arsine, phosphine or ammonia, that is 
used to remove impurities such as Lewis acids and oxidants from inert gases. It is noted 
that this scavenger is also hydrocarbon and metal based. 

1 5 Tom (United States Patent No. 4,950,41 9) describes a scavenger comprising a 

pyrolyzed alkyl metal compound selected from Group IA, II A and/or IIIA of the Periodic 
Table that is used to remove impurities such as Lewis acids and oxidants from inert gases. 
Tom (United States Patent No. 5,531,971) describes a scavenger comprising a pyrolyzed 
metal selected from Group IA of the Periodic Table that is used to remove water, oxygen, 

20 Lewis acids and oxidants from certain inert and hydride gases. Similarly, both of these 
scavengers are either hydrocarbon and/or metal based and, therefore, may further 
contaminant the gas stream. 

Imai et al. (Imai et. al., "Monosilane Adsorption on Porous Alumina," J. 
Electrochem. Soc, 142(9), September, 1995) describe the use of alumina and silica to 

25 chemically adsorb monosilane (SiH 4 ), an impurity in hydride gases, such as AsH 3 and PH 3 , 
and in waste gases from semiconductor processing. The alumina showed a capacity of 
approximately 4.5x1 0" 4 moles of monosilane per gram of support at a temperature of 
approximately 100 degrees Celsius. However, Imai et. al. does not specifically address the 
removal from hydride gases of other impurities of interest in semiconductor processing such 

30 as water, oxygen, carbon dioxide, carbon monoxide and other oxidants, and Lewis acids 
such as aluminum, boron and zinc-related species. 

Based on the foregoing there is a need for a simple method for reducing the 
concentration of impurities in gases, thereby producing a high purity gas suitable for use in 
semiconductor processing, without the risk of further contaminating the gas. 
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Accordingly, it is an object of the present invention to provide a scavenger for 
reducing the concentration of an impurity in a gas, comprising an inorganic support and 

5 having disposed thereon an active agent selected from the group consisting of B x Hy, Si x Hy, 
As x Hy, P x H y , Ge x Hy and mixtures thereof wherein x is one, two or three, and y is zero, one, 
two, three, four, five or six. 

Another object of the present invention provides a method and apparatus for making 
a scavenger for reducing the concentration of an impurity in a gas. The method comprises 

10 the step of contacting a hydride gas selected from the group consisting of BjH^, SiH 45 Si 2 H 6 , 
AsH 3 , PH 3 , GeH 4 and mixtures thereof, with an inorganic support. 

Yet another object of the present invention provides a method and apparatus for 
using the scavenger. The method comprises the step of contacting a gas containing an 
impurity with an inorganic support having disposed thereon an active agent selected from 

15 the group consisting of B x H y , Si^, As x Hy, P x H y , Ge x H y and mixtures thereof, wherein x is 
an integer selected from the group consisting of one, two and three, and y is an integer 
selected from the group consisting of one, two, three, four, five and six. 

Overall, the scavenger and the method for using it provide a simple process for 
reducing the concentration of impurities such as water, oxygen, carbon dioxide and other 

20 oxidants, and Lewis acids such as aluminum, boron and zinc-related species, in hydride and 
inert gases, thereby producing a purified gas. The purified hydride or inert gas is 
particularly suited for use in the semiconductor processing industry, since it has not been 
further contaminated by the purification process itself, for example, by the addition of 
metals or hydrocarbons to the gas. Furthermore, the process for making the scavenger is 

25 relatively simple. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a process for making the scavenger of the present 
30 invention. 

FIG. 2 is a schematic view of a process for reducing the concentration of an impurity 
in a gas stream using the scavenger of the present invention. 
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In general, the scavenger made according to the present invention is useful for 
reducing the concentration of certain impurities in a gas. The scavenger itself comprises an 

5 active agent disposed on the surface of an inorganic support. One benefit of the active agent 
is that it bonds with sufficient strength to the inorganic support but in a manner that still 
allows for strong bonding with the adsorbed impurity. Therefore, upon contacting a gas 
containing certain impurities, the scavenger reacts rapidly and bonds essentially irreversibly 
with the impurities of interest. Furthermore, since the support for the active agent is 

10 inorganic, the scavenger according to the present invention does not release hydrocarbons 
into the gas stream, thereby avoiding fiirther contamination of the gas by the purification 
process itself The product produced by this process is, therefore, a high purity gas. 

The specific composition of the active agent is the equivalent of one or more of the 
following functional groups: B^, Si x Hy, As x H y , P x H y , Ge^ and mixtures thereof, wherein 

15 x is one, two or three, and y is zero, one, two, three, four, five or six. The active agent is 
generally a hydride functional group, with the exception of the cases in which y is zero. It is 
preferred that the concentration of the active agent on the inorganic support be 
approximately 0.00003 to 1.5 moles per gram of support and more preferably 0.0002 to 0.05 
moles per gram of support. These ranges are based upon the amount of active agent needed 

20 to provide sufficient adsorption of the impurities of interest. Furthermore, the range of 
0.0002 to 0.05 moles per gram of support corresponds to a monolayer of functional groups 
on the surface of the inorganic support. 

The inorganic support may be selected from zeolite species, alumina, silica and other 
similar materials. It is important, however, that the support be inorganic to avoid releasing 

25 hydrocarbon compounds, found in other types of supports, into the gas, thereby 

contaminating the gas. In addition, the inorganic support should be thermally stable at 
temperatures at which the scavenger will be used to insure maintenance of the original 
structure of the support and to maintain the specific chemical composition of the active 
agent. Since use of the scavenger at higher temperature enhances the reaction rate between 

30 the scavenger and the impurity, the inorganic support should be thermally stable at 
temperatures up to approximately 1 50 degrees Celsius and more preferably up to 
temperatures of approximately 300 degrees Celsius. 

The surface area and pore size of the inorganic support are also important as they 
affect both the production of the scavenger and its ultimate use to remove gaseous 

35 impurities. Typically, inorganic supports with high surface areas tend to have small 
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diameter pores. While higher surface area provides for more contact between the gas 
impurity and the scavenger, the small diameter pores may actually impede the diffusion of 
the impurity into the scavenger. However, inorganic supports with larger diameter pores 
(e.g., greater than 1000 angstroms) typically have inadequate surface area for contacting the 

5 scavenger and the gaseous impurities. Therefore, the preferred surface area of the inorganic 
support is approximately 100 to 900 square meters per gram and more preferably 
approximately 300 to 700 square meters per gram with pore sizes of approximately 3 to 
1000 angstroms and more preferably 200 to 300 angstroms. 

The process for making the scavenger involves generating an active agent on an 

10 inorganic support by contacting a hydride gas with an inorganic support under conditions 
which produce a functional group. Specifically, the hydride gas is adsorbed onto the 
inorganic support and is converted to the active agent by pyrolysis. 

The equipment required to contact the hydride gas and the inorganic support can be 
any equipment known in the art for contacting a gas and a solid. FIG. 1 shows one 

15 embodiment of an apparatus 10 for making the scavenger of the present invention. The inlet 
gas line 14 delivers a hydride gas to the reactor 19 through the inlet gas port 1 1 . The 
hydride gas passes through an inorganic support 20, which is held in place by a bed support 
13, and is adsorbed onto the inorganic support 20. A heater 16 is used to heat the reactor 19 
to maintain the desired temperature in the reactor 19 during adsorption and to provide the 

20 heat for pyrolysis. The hydride gas then exits the reactor 19 through the outlet gas port 17. 

The reactor 19 can be made of any inert material known in the art capable of holding 
the inorganic support as a fixed bed and having thermal stability at the desired operating 
temperature. The peripheral equipment, such as the gas lines 14, 17, the heater 16 and the 
bed support 1 3, can be the same as those typically used in the art. Further, it should be 

25 appreciated that other apparatuses and methods known in the art for contacting a gas and a 
solid can also be used. 

The steps for making the scavenger of the present invention, using the apparatus of 
FIG. 1, include first loading the inorganic support into the reactor 19 in a fixed bed 
arrangement which is supported by the bed support 1 3. It is preferable to dry the inorganic 

30 support 20 before introducing the hydride gas into the reactor 19 to remove any water or 
other adsorbed species that may be attached to the inorganic support 20. This drying step 
can be accomplished by heating the inorganic support 20 in a dry environment, for example, 
by purging with a dry, inert gas such a nitrogen for a given period of time at an elevated 
temperature. It should be appreciated that other methods known in the art for drying the 

35 
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inorganic support 20 can be used such as drying prior to placing the inorganic support 20 in 
the reactor 19. 

A given hydride gas, or mixture thereof, is then passed through the reactor 19 in a 
continuous manner and in contact with the inorganic support 20. The hydride gas, or 
5 mixture thereof, can also be mixed with an inert gas to provide better control of the hydride 
gas flow rate. 

The hydride gases that may be used include B 2 U 6J SiH 4 , SijHa, AsH 3 , PH 3 , GeH 4 and 
mixtures thereof. Depending upon the process conditions used in making the scavenger, in 
particular the temperature, the use of a specific hydride gas or mixture will produce a 

10 corresponding active agent or functional group on the inorganic support. For example, 
adsorbing SiH 4 hydride gas will result in the inorganic support having Si x H y functional 
groups wherein x is one, two or three and y is zero, one, two, three, four, five or six. More 
specifically, using SiH 4 gas produces SiH y functional groups wherein y is zero, one, two or 
three; using Si 2 H 6 gas produces Si x Hy functional groups wherein x is one or two and y is 

15 zero, one, two, three, four or five; using B 2 U 6 gas produces B x Hy functional groups wherein 
x is one or two and y is zero, one, two, three, four or five; using PH 3 gas produces PHy 
functional groups wherein y is zero, one, two or three; and using AsH 3 gas produces AsH y 
functional groups wherein y is zero, one, two or three. It should be appreciated that any 
hydride gas, or mixture thereof, can be used with any inorganic support. 

20 During the step of contacting the hydride gas with the inorganic support, the reactor 

1 9 is heated using a heater 1 6 to maintain a given temperature in the reactor. The 
temperature is important as it affects both the adsorption of the hydride gas and the pyrolysis 
of the adsorbed hydride gas which causes conversion to a functional group (i.e., the active 
agent). The preferred temperature is between approximately 20 and 500 degrees Celsius 

25 and more preferably between approximately 100 and 300 degrees Celsius. As shown in 
FIG. 1 , a heater 1 6, such as heat tape or a steam jacket, may be used to heat the reactor 1 9 to 
maintain the desired temperature. Other methods of directly or indirectly heating a reactor 
to maintain a given temperature may be used and are well known in the art. 

These preferred temperature ranges are based upon competing factors. Although 

30 some adsorption of the hydride gas occurs at room temperature, it is preferred that the 
adsorption occur at higher temperatures to allow for concurrent pyrolysis of the adsorbed 
gas to convert it to its corresponding functional group. Higher temperatures are also 
desirable as they favor homogeneous adsorption of the hydride gas which results in a higher 
concentration of adsorbed gas on the inorganic support. Specifically, homogeneous "end- 

35 on" alignment of the adsorbed species results in a higher concentration of adsorbed species 
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per unit of surface area. For example, end-on alignment of B 2 H6 means that the axis of the 
B-B bond is normal to the surface of the support, as opposed to "side-on" alignment where 
the B-B bond is parallel to the surface of the support. Therefore, each adsorbed molecule 
occupies less surface area, and if a majority of the adsorbed molecules are aligned in a 

5 similar manner, the surface area will contain a higher concentration of adsorbed molecules. 

Temperatures above 500 degrees Celsius, however, can result in decomposition of 
the adsorbed hydride gas to its elemental state rather than a conversion of adsorbed hydride 
gas to its corresponding functional group. Furthermore, lower temperatures produce 
hydrogen-rich hydride functional groups which are more reactive with the gaseous 

1 0 impurities of interest than hydrogen-poor hydride functional groups produced at higher 
temperatures. Lastly, temperatures in the range of 100 to 300 degrees Celsius have been 
found to provide for more control over the adsorption rate of the hydride gas and, therefore, 
more control over the composition of the scavenger, particularly where combinations of 
functional groups are desired. 

1 5 The duration of contact between the hydride gas and the inorganic support 20, given 

a particular operating temperature and surface area of the inorganic support 20, is that which 
provides the desired concentration of functional groups on the inorganic support 20. The 
desired concentration is preferably that at which the inorganic support 20 is saturated by 
adsorbed hydride gas. One method for determining the concentration of the functional 

20 groups on the inorganic support 20 is by sampling the inorganic support 20 and determining 
the concentration of the active agent on the inorganic support 20. This information can then 
be used to either increase or decrease the duration of contact. Analysis of the concentration 
of active agent on the inorganic support 20 can be accomplished by x-ray fluorescence 
spectroscopy, electron probe micro analysis, Auger electron spectroscopy or electron 

25 spectroscopy for chemical analysis. Alternatively, the mass transfer zone in the inorganic 
support may be measured using thermocouples placed throughout the bed of inorganic 
support 20 in the reactor 19. Because the adsorption reaction is exothermic, the increase in 
temperature within the inorganic support 20 can be followed which corresponds to 
movement of the mass transfer zone. Once the mass transfer zone reaches the end of the 

30 bed the capacity of the inorganic support for hydride gas has been reached. Preferably, the 
duration of contact can be longer than the time for the mass transfer zone to reach the end of 
the bed to ensure that the inorganic support has been saturated with hydride gas. 

Once the desired concentration of active agent on the inorganic support 20 has been 
obtained, or the appropriate duration of contact has been completed, the inorganic support 

35 20 now containing the active agent, and more appropriately referred to as a scavenger, can 
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alternatively be purged with an inert gas such as nitrogen. This purge acts to remove any 
physically adsorbed hydride gas. The scavenger can then be removed from the reactor 19 
and used immediately to remove the impurities of interest from a gas, or it can be stored for 
periods of approximately one year. 

5 In use, a scavenger prepared according to the present invention is particularly suited 

to adsorb impurities such as water, oxygen, carbon dioxide and other oxidants, and Lewis 
acids such as aluminum, boron and zinc-related species from gases such as hydrogen, 
nitrogen, noble gases (e.g., helium, neon, argon, krypton and xenon), diboran, hydride gases 
from Groups IVA and VIA of the Periodic Table (e.g., arsine, phosphine, silane, 

10 germanium, hydrogen selenide and hydrogen telluride) and ammonia. Furthermore, since 
the scavenger according to the present invention has an inorganic support, its use will not 
release hydrocarbons into the gas stream, thereby providing a high purity gas which is 
suitable for use in semiconductor manufacturing. 

Specifically, a gas containing an impurity is contacted with the scavenger prepared 

15 according to the present invention. FIG. 2 shows one embodiment of an apparatus 100 for 
using the scavenger in accordance with the present invention. The inlet gas line 1 05 
delivers a gas containing one or more impurities to through the inlet gas port 101 to reactor 
109 which can be made from any suitable material, such as stainless steel. The gas passes 
through the reactor 109 and contacts the scavenger 104 which adsorbs the impurities. The 

20 scavenger 104 is held in place by a bed support 103. The gas exits the reactor 109 through 
the outlet gas port 102, and a purified gas is delivered by the outlet gas line 107. 

The actual process steps for contacting the gas with the scavenger are those typical 
of gas-solid adsorption processes and are well known in the art. It should be appreciated 
that the method of the present invention will not introduce any hydrocarbons or metals into 

25 the purified gas. In addition, it should be appreciated that the scavenger of the present 
invention can be used to produce a purified gas in cylinders for shipment to another location 
or the scavenger can be used at the location where the purified gas is used. 

The invention having been described, the following examples are presented to 
illustrate, rather than to limit the scope of the invention. Three examples illustrate the 

30 preparation of three different scavengers according to the present invention, and one 
example illustrates the results of the use of these scavengers to remove gas impurities 
according to the present invention. 
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EXAMPLE 1 : Preparation of Si x H y Functionalized Silica Scavenger by Si 2 H 6 

Deposition 

60 cc of silica gel with a specific surface area of 300 square meters per gram was 
loaded into a cylindrical reactor having a diameter of 2 cm and a length of 30 cm. The bed 
height formed by the silica gel was 20 cm. The silica gel was then purged with dry nitrogen 
for a period of 3 hours at a bed temperature of 1 50 degrees Celsius. A gas stream of dry 
nitrogen containing 20% Si 2 H 6 was passed through the reactor and silica bed at a flow rate 
of 1 liter per minute at a bed temperature of 150 degrees Celsius for 10 hours. The silica, 
now supporting an active agent of the form Si x Hy wherein x is one or two and y is zero, one, 
1 ® two, three, four or five, was purged with dry nitrogen for 2 hours at room temperature to 
remove any physically adsorbed SijH*. 

EXAMPLE 2: Preparation of B x H y Functionalized Aluminum Scavenger by B 2 H 6 
Deposition 

15 

60 cc of alumina with a specific surface area of 300 square meters per gram was 
loaded into a cylindrical reactor having a diameter of 2 cm and a length of 30 cm. The bed 
height formed by the alumina was 20 cm. The alumina was then purged with dry nitrogen 
for a period of 3 hours at a bed temperature of 1 50 degrees Celsius. A gas stream of dry 
2Q nitrogen containing 1 0% B 2 H 6 was passed through the reactor and alumina bed at a flow rate 
of 1 liter per minute at a bed temperature of 20 degrees Celsius for 5 hours. The alumina, 
now supporting an active agent of the form B x Hy wherein x is one or two and y is zero, one, 
two, three, four or five, was purged with dry nitrogen for 5 hours at room temperature to 
remove any physically adsorbed B2H*. 

25 

EXAMPLE 3: Preparation of P x Hy Functionalized Aluminum Scavenger by PH 3 
Deposition 

60 cc of alumina with a specific surface area of 300 square meters per gram was 
loaded into a cylindrical reactor having a diameter of 2 cm and a length of 30 cm. The bed 
30 height formed by the alumina was 20 cm. The alumina was then purged with dry nitrogen 
for a period of 3 hours at a bed temperature of 1 50 degrees Celsius. A gas stream of dry 
nitrogen containing 15% PH 3 was passed through the reactor and inorganic bed at a flow 
rate of 1 liter per minute at a bed temperature of 300 degrees Celsius for 10 hours. The 
alumina, now supporting an active agent of the form P x Hy wherein x is one and y is two, was 

35 
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purged with dry nitrogen for 5 hours at room temperature to remove any physically adsorbed 
PH 3 . 

EXAMPLE 4: Removal of Water and Oxygen Using Si x H y , B x Hy, and ?Jl y , 
Scavengers 

Table 1 shows the results of the use of the scavengers made in Examples 1-3 above 
for reducing the concentration of water and oxygen in a gas stream. These tests were 
conducted by placing each scavenger in a reactor in a fixed bed arrangement and 
introducing a nitrogen gas stream containing 10 ppm water (generated by diffusion vail) and 
1 0 ppm oxygen (supplied from a calibrated gas) at a rate of 1 liter per minute. Water and 
oxygen concentrations in the exit gas were measured independently using Fourier 
Transformation Infrared (FTIR) spectroscopy and a total oxygen analyzer, respectively. As 
shown, all of the scavengers showed significant removal of water and oxygen. 



Table 1. 



20 



Scavenger 


Efficiency for moisture (ppb) 


Efficiency for oxygen (ppb) 


SijjHy/silica 


<10 


<1 


BjHy/alumina 


<10 


<1 


P x H y /alumina 


<10 


<1 



Therefore, the scavenger, and its methods of making and using, according to the 
present invention are useful in producing a purified gas stream suitable for use, for example, 
in semiconductor manufacturing. Furthermore, the method for using the scavenger avoids 
the introduction of hydrocarbons and metals into the purified gas. 

Although certain preferred embodiments have been described, it should be 
appreciated that variations, modifications and other embodiments of the present invention 
are possible, and all of these are to be regarded as being within the scope of the present 
invention. 
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What is claimed is: 

1 . A scavenger for reducing the concentration of an impurity in a gas, 
comprising: 

5 an inorganic support having disposed thereon an active agent selected from 

the group consisting of B^, Si x Hy, As x H y , P,^, Ge x Hy and mixtures thereof, wherein x is 
one, two or three, and y is zero, one, two, three, four, five or six. 

2. The scavenger of Claim 1 wherein said inorganic support is selected from the 
1 0 group consisting of zeolites, alumina and porous silica. 

3. The scavenger of Claim 1 wherein said inorganic support has a surface area 
of approximately 100 to 900 square meters per gram. 

1 5 4. The scavenger of Claim 1 wherein said inorganic support has a pore size of 

approximately 3 to 1000 angstroms. 

5. The scavenger of Claim 1 wherein said inorganic support is thermally stable 
at a temperature of approximately 20 to 300 degrees Celsius. 

20 

6. The scavenger of Claim 1 wherein said active agent is selected from the 
group consisting of B x H y wherein x is one or two and y is zero, one, two, three, four or five; 
SiJHy wherein x is one or two and y is zero, one, two, three, four or five; AsH y wherein y is 
zero, one, two or three; and PHy wherein y is zero, one, two or three. 

25 

7. The scavenger of Claim 1 wherein said active agent is SiHy wherein y is zero, 
one, two or three. 

8. The scavenger of Claim 1 wherein the concentration of said active agent is 
30 approximately 3x1 0" 5 to 1 .5 moles per gram of said inorganic support. 

9. A scavenger for reducing the concentration of an impurity in a gas, 
comprising: 

an inorganic support having disposed thereon an active agent selected from 
35 the group consisting of B^, Si x Hy, As x Hy, P x H y , Ge^, and mixtures thereof, wherein x is 
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one, two or three, and y is zero, one, two, three, four, five or six, and disposed on said 
inorganic support, and wherein the concentration of said active agent is greater than 
approximately 5x10^ moles per gram of said inorganic support. 

5 10. A scavenger for reducing the concentration of an impurity in a gas, 

comprising: 

an inorganic support; and 

an active agent disposed on said inorganic support by contacting said 
inorganic support with a hydride gas selected from the group consisting of B^, SiH 4 , 
1 0 Si 2 H 6 , AsH 3 , PH 3 , GeH 4 and mixtures thereof. 

1 1 . The scavenger of Claim 10 wherein said hydride gas contacts said inorganic 
support at a temperature of approximately 20 to 500 degrees Celsius. 

15 12. The scavenger of Claim 10 wherein said active agent is made by contacting a 

mixture of said hydride gas and an inert gas with said inorganic support. 

13. A method for making a scavenger for reducing the concentration of an 
impurity in a gas, comprising the step of: 

20 contacting a hydride gas selected from the group consisting of B 2 H 6 , SiH 4 , 

Si 2 H 6 , AsH 3 , PH 3 , GeH 4 and mixtures thereof, with an inorganic support. 

14. The method of Claim 13 further comprising the step of heating said inorganic 
support in a dry environment prior to said contacting step. 

25 

15. The method of Claim 13 wherein said contacting step includes the step of 
contacting a mixture of said hydride gas and an inert gas with said inorganic support. 

16. The method of Claim 13 wherein said inorganic support is selected from the 
30 group consisting of zeolites, alumina and silica. 

1 7. The method of Claim 1 3 wherein said inorganic support has a surface area of 
approximately 100 to 900 square meters per gram. 

35 
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1 8. The method of Claim 1 3 wherein said inorganic support has a pore size of 
approximately 3 to 1000 angstroms. 

19. The method of Claim 1 3 wherein said inorganic support is thermally stable at 
5 a temperature of approximately 20 to 300 degrees Celsius. 

20. The method of Claim 13 wherein said contacting step is conducted at a 
temperature of approximately 20 to 500 degrees Celsius. 

10 21 . The method of Claim 13 wherein said contacting step forms said active agent 

selected from the group consisting of B x Hy, Si^,, As x Hy, P x H y , Ge x H y and mixtures thereof, 
wherein x is one, two or three, and y is zero, one, two, three, four, five or six. 

22. The method of Claim 21 wherein said contacting step forms said active agent 
1 5 selected from the group consisting of B x Hy wherein x is one or two and y is zero, one, two, 

three, four or five; Si^ wherein x is one or two and y is zero, one, two, three, four or five; 
AsH y where in y is zero, one, two or three; and PH y , wherein y is zero, one, two or three. 

23. The method of Claim 22 wherein said active agent is SiHy wherein y is zero, 
20 one, two or three. 



24. The method of Claim 13 wherein said contacting step is continued until said 
concentration of said active agent is approximately 3x1 0" 5 to 1.5 moles per gram of said 
inorganic support. 

25 

25. The method of Claim 13 further comprising the step of purging said 
inorganic support with an inert gas after said contacting step. 

26. A method for making a scavenger for reducing the concentration of an 
30 impurity in a gas, comprising the steps of: 

contacting a hydride gas selected from the group consisting of B 2 H 6 , SiH 4 , 
SijH^ AsH 3 , PH 3 , GeH 4 and mixtures thereof, with an inorganic support; 

pyrolyzing said hydride gas adsorbed on said inorganic support to form an 
active agent disposed on said inorganic support at a concentration greater than 
35 approximately 5x1 0" 4 moles per gram of said inorganic support. 
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27. A method for reducing the concentration of an impurity in a gas, comprising 
the step of: 

contacting a gas containing an impurity with an inorganic support having 
disposed thereon an active agent selected from the group consisting of BJi y , Si x Hy, As x H y , 
5 P x Hy, Ge x H y and mixtures thereof, wherein x is an integer selected from the group consisting 
of one, two and three, and y is an integer selected from the group consisting of one, two, 
three, four, five and six. 

28. The method of Claim 27 wherein said gas is selected from the group 
10 consisting of inert gases and hydride gases. 

29. The method of Claim 27 wherein said gas is selected from the group 
consisting of hydrogen, nitrogen, helium, neon, argon, kryton, xenon, diborane, arsine, 
phosphine, silane, germane, hydrogen selenide, hydrogen telluride and ammonia. 

15 

30. The method of Claim 27 wherein said impurity is selected from the group 
consisting of oxidants and Lewis acids. 

3 1 . The method of Claim 30 wherein said impurity is selected from the group 
20 consisting of C0 2 , 0 2 and H 2 0. 

32. The method of Claim 27 wherein said inorganic support is selected from the 
group consisting of zeolites, alumina and silica gel. 

25 33. The method of Claim 27 wherein said inorganic support has a surface area of 

approximately 100 to 900 square meters per gram. 

34. The method of Claim 27 wherein said inorganic support has a pore size of 
approximately 3 to 1000 angstroms. 

30 

35. The method of Claim 27 wherein said inorganic support is thermally stable at 
a temperature of approximately 20 to 300 degrees Celsius. 



35 



-14- 



WO 00/231 74 PCT/US99/24971 

36. The method of Claim 27 wherein said active agent is selected from the group 
consisting of wherein x is one or two and y is zero, one, two, three, four or five; Si x H y 
wherein x is one or two and y is zero, one, two, three, four or five; AsH y wherein y is zero, 
one, two or three; and PH y , wherein y is zero, one, two or three. 

5 

37. The method of Claim 36 wherein said active agent is SiH y , wherein y is zero, 
one, two or three. 

38. The method of Claim 27 wherein the concentration of said active agent is 
10 approximately 3x1 0" 5 to 1 .5 moles per gram of said inorganic support. 

39. A method for reducing the concentration of an impurity in a gas, comprising 
the step of: 

contacting a gas containing an impurity with an inorganic support having 
1 5 disposed thereon an active agent selected from the group consisting of B x H y , Si x H y , As x H y , 
P x Hy, Ge x H y and mixtures thereof, wherein x is an integer selected from the group consisting 
of one, two and three, and y is an integer selected from the group consisting of one, two, 
three, four, five and six, and wherein the concentration of the active agent is greater than 
approximately 0.0005 moles per gram of inorganic support. 

20 

40. An apparatus for making a scavenger for reducing the concentration of an 
impurity in a gas, comprising: 

a reactor having an inlet port, an outlet port and a bed for holding an 
inorganic support; 

25 an inlet gas line connected to said inlet port for supplying a hydride gas 

selected from the group consisting of B^, SiH 4 , Si 2 H 6 , AsH 3 , PH 3 , GeH 4 and mixtures 
thereof to said reactor; and 

. a heater for supplying heat to said reactor. 

30 41 . An apparatus for reducing the concentration of an impurity in a gas, 

comprising: 

a reactor having an inlet port, an outlet port and a bed for holding an 
inorganic support having disposed thereon an active agent selected from the group 
consisting of B x Hy, Si x Hy, As x Hy, P x Hy, Ge^. and mixtures thereof wherein x is an integer 

35 
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selected from the group consisting of one, two and three, and y is an integer selected from 
the group consisting of one, two, three, four, five and six; and 

an inlet gas line connected to said inlet port for supplying a gas containing an 
impurity to said reactor. 

5 
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